The effect of age on the structural and functional response to unilateral nephrectomy was studied in weanling (group I) and young adult (group II) rats. Although compensatory growth in group I was not significantly greater than in group II one week following surgery (44% vs 39%, p -NS), after 4 wk renal mass had increased 144% in group I and 66% in group Il (p < .0001). Glomerular filtration rate per unit kidney mass at 1 wk post surgery was 875 ± 92 (mean ± SEM) td/min/gKW) in group I and 1132 ± 67 in group II (p-NS) and at 4 wk was 1176 ± 67 in group I and 1261 ± 67 in group II (p -NS). These data indicate that the magnitude of compensatory growth in immature rats is greater than in adults and that functional adaptation parallels the struictulral change.
INTRODUCTION
It is well known that following removal of one kidney, the remaining kidney undergoes a rapid and marked increase in both size and function. Although earlier studies have suggested that this adaptive response is age dependent, there is no evidence to show that the change in renal function is greater in young immature animals than in adults. The present study, therefore, was explicity performed to compare the effect of unilateral nephrectomy in young immature to adult animals. Since both the rate of change as well as the final response was of interest, an analysis of compensatory growth and the functional response to unilateral nephrectomy was made one week after surgery, during the period of rapid adaptation, and after one month when changes were presumably complete.
METHODS
Studies were carried out in two groups of male albino Spargue-Dawley rats (Charles River Breeding Laboratories, Wilmington, Ma). Throughout the study, animals were allowed free access to standard Purina rat pellet diet and tap water. The first group consisted of 29 weanling animals weighing initially between 50 and 80 g and the second group of 32 young adult rats weighing initially between 155 and 210 g. The two age groups were divided into experimental and control groups. Under light ether anesthesia, experimental animals underwent a right nephrectomy through a flank incision. After dissection of perirenal fat and other extrarenal tissue, the kidney was lightly blotted and placed in a tared sealed weighing bottle to determine wet kidney weight (KW). Control animals were subjected to a sham operation. Experimental Inulin clearance (Ci,,) was calculated from the equation Ci,, = UV/P in which U and P are the urine and plasma concentrations in inulin in counts per minute per microliter and V is urine flow rate in microliters per minute. Plasma inulin was taken as the mean of the initial and final values obtained for each urine collection period.
In order to determine the absolute and relative change in KW from the time of uninephrectomy or sham surgery to the final clearance study, the initial left KW in experimental animals was assumed to be equal to the weight of the excised right kidney. For control animals, the initial left KW was assumed to be equal to the mean weight of the excised right kidney of the experimental animals-initial experimental and control mean BW being approximately equal in all groups. The validity of this assumption was demonstrated in a previous analysis from our laboratory which showed neither a statistical difference in weight between right and left kidney of the same animal nor a difference in KW between animals of approximately equal BW (12) . The absolute change (AKW) was estimated as the difference between final and initial KW and relative change ( % AKW) as that difference divided by initial KW. To estimate the absolute increment in KW due to the adaptive response to uninephrectomy, the observed increase in KW of control animals-due solely to normal growth-was subtracted from the observed increase in experimental animals-due to both normal and compensatory growth:
-the assumption being that normal growth was similar in both groups. Relativechange was calculated from a similar expression:
The statistical significance between experimental and control groups was determined using standard statistical methods and Student's t test (22) . For all kidney weights, the F test for homogeneity of variance failed to detect significant differences among the groups (F.,ax = 10.53) permitting the use of a pooled estimate of variance (Sp (80) = 0.102). This estimate was used in testing the significance of the differences in the compensatory increase in renal mass between weanlings and young adults shown in Table 2 .
RESULTS
Change in body weight of control and experimental animals. The rate of compensatory as well as normal renal growth is influenced by caloric and nitrogen intake (8, 14, 18, 19) . As shown in Table 1 and Fig. 1 , the mean initial, final and change in body weight which reflects caloric and nitrogen intake of experimental groups were nearly identical to control animals. Moreover, from inspection of Fig. 1 it is evident that weight gain of experimental and control animals was similar during the first week, as well as during the 4 wk after surgery.
Influence of age on compensatory renal growth after removal of one kidney. Removal of one kidney resulted in the expected compensatory growth of the remaining kidney in experimental animals as shown in Fig. 2 . Though a greater change in compensatory growth was found in animals operated upon during the weanling period compared to adult rats, this difference was observed only after the period of initial rapid growth. Comparison of the weight of the hypertrophied kidney to kidney weight in sham operated control rats demonstrated a 30 and a 35% difference in weanling and adult animals, respectively, 1 wk after surgery. One month after operation, the differences were 51 and 42% in the same groups, respectively.
The striking capacity for compensatory renal growth in young immature rats was evident from inspection of absolute changes in renal mass as shown in Comparison of the relative change in renal mass (experimental kidney vs control), % zKW (Compensatory), between weanling and adult animals was also made to determine whether compensatory growth was greater in immature animals. As illustrated in Fig. 3B , the hypertrophied kidney grew 44% more than control in weanling rats and 39% in adults during the first week post-operatively. This difference was not significant (Table 2 ). During the subsequent 3 wk, however, a markedly greater response was found in immature animals. One month after surgery the percent change in renal mass due to compensatory growth was 144% in weanling rats compared to 66% in the adult group (P < 0.0001). Influence of age on functional adaptation after removal of one kidney. In order to determine whether the functional adaptation after parital ablation of renal mass was greater in immature animals the glomerular filtration rate per unit kidney mass (C1n/KW, 1Al/min/g KW) in immature animals was compared to adult rats. When expressed in this way there was no difference in renal function 1 wk or 4 wk after surgery between immature and adult animals. As shown in Table 1 , the Cin/KW was 975 ± 92 (mean ±SE) weanling, and 1132 +H 67, adults, 1 wk after surgery (P not significant) and 1176 + 67, weanling, and 1261 ± 71, adults, 4 wk after operation (P not significant). These data indicate that the functional response occurs pani passu with the change in mass and is therefore greater when surgical ablation is performed in immature animals.
DISCUSSION
Previous studies have shown that after removal of one kidney in adult rats the remaining kidney increases approximately 40% in mass and 60-70% in function (1, 5, 10, 13, 20) . This response occurs rapidly following surgery and is complete within 3-4 wk (11, 13) . Earlier workers suggested that the capacity for compensatory growth is greater in young, sexually immature animals than in adults, and is probably attenuated with advanced age (3, 4, 6, 9, 10, 15) . These reports were In the present study two age groups were examined to correspond to differences in normal growth, characterized chiefly by hyperplasia in one and by hypertrophy in the other. From studies of DNA, RNA and total protein content in normal rats the growth cycle of the kidney has been divided into three phases (23) . The first phase of normal growth extends from birth to about the 14th day of life and is characterized by similar increases in DNA and protein content, changes interpreted as indicating rapid cell division of hyperplasia. in the second phase which begins during the 3rd week and continues until the 40th day renal mass increases because of hypertrophy and hyperplasia. Thereafter, total DNA content ceases to increase while protein accretion continues. The third phase which persists during a greater portion of adult life is, therefore, characterized by hypertrophy. Based upon this information we can expect that when surgery was performed in the weanling group, at 3-4 wk of age, normal renal growth was in large part due to hyperplasia. In contrast, since descent of the testes occurs in the albino rat at approximately 42 days of age and a body weight of 120 g (2, 7), the adult group was studied when sexually mature and at a time when normal renal growth was primarily due to hypertrophy. It is important to note that this analysis was performed under conditions in which the caloric, nitrogen and electrolyte intake of control and experimental groups was similar, since these factors have been shown to influence both normal and compensatory renal growth (8, 14, 18, 19) .
It is apparent from the measured rates of renal growth in the remaining kidney of experimental rats that the compensatory response was markedly greater in young sexually immature animals than in adult rats. This difference in compensatory response, however, was not found during the initial phase of rapid compensatory growth but was achieved by continued growth after the first week following surgery. The remarkable response in compensatory growth achieved by the young animal is illustrated by the similar absolute increase in renal mass due to hypertrophy found 1 mo following surgery in both age groups, despite the difference in es imated initial k.dney weight. It should be noted that the enhanced rate of compensatory renal growth in weanling rats occurred in association with a greater rate of normal growth. Renal mass in control animals increased 49 and 182% during the subsequent 1 and 4 wk periods in the weanling groups compared to 12 and 54%, respectively, in adult animals.
The demonstration that glomerular filtration rate per unit renal mass was similar in both age groups at 1 and 4 wk after surgery indicates that mass and function change pari passu and that the relative change in function after nephrectomy was also greater in weanling rats than in adults. Ci ,/KW in the experimental kidney was increased 4 wk after surgery, compared to 1 wk, in both age groups. These differences, however, were not significant.
Although previous reports have attempted to compare the compensatory response after uninephrectomy in children to adults, it is not possible to conclude that the adapted change in the young sexually immature child is similar to the experimental animal since careful pre-surgical assessment of renal function was not recorded and, in cases of Wilm's tumor, the remaining kidney was treated with irradiation (16, 21) . In a study of adult kidney donors for transplantation, examined on the average of 34 mo postnephrectomy, age at the time of surgery was correlated with the change in renal function pre and post surgery (17) . Although a significant inverse correlation was found between age and increase in effective renal plasma flow, a similar relationship was not found for glomerular filtration rate. It should be possible to determine the age-related functional response to unilateral nephrectomy in man in future studies through careful assessment of preoperative as well as post-operative values of renal function.
While these experiments demonstrate that the magnitude of the compensatory response is age dependent the mechanism for this change remains unclear. In previous studies from this laboratory it was shown that compensatory renal hypertrophy is not dependent upon the amount of work performed by renal tubules, reflected by the absolute sodium reabsorbed (24) , but is stimulated in some way by the amount of tissue ablated or destroyed by disease (12) . The present data suggests that the underlying type of normal growth is also an important determinant. As in normal growth, compensatory renal growth in the weanling period is characterized chiefly by hyperplasia and is greater than in the sexually mature rat which responds primarily by hypertrophy (4, 10) . It is of interest that, once initiated, this greater response in weanling animals persisted into the hypertrophic phase of normal growth.
